In this note, it is shown that every Jordan derivation of triangular algebras is a derivation.
Introduction
Let A be an algebra over R, a commutative ring with unity. Recall that an R-linear map J from A into an A-bimodule M is said to be a Jordan derivation if J (a 2 ) = J (a)a + aJ (a) for all a ∈ A. It is called a derivation if J (ab) = J (a)b + aJ (b) for all a, b ∈ A. Each map of the form a → am − ma, where m ∈ M, will be called an inner derivation. Clearly, every derivation is a Jordan derivation. The converse is, in general, not true (see [3] ). Herstein [9] showed that every Jordan derivation from a 2-torsion free prime ring into itself is a derivation. Brešar [4] proved that Herstein's result is true for 2-torsion free semiprime rings. Sinclair [10] proved that every continuous linear Jordan derivation on semisimple Banach algebras is a derivation. In [11] , the first author proved that every Jordan derivation on nest algebras is an inner derivation.
Let A and B be unital algebras over a commutative ring R, and M be a unital (A, B)-bimodule, which is faithful as a left A-module and also as a right B-module. The R-algebra
under the usual matrix operations will be called a triangular algebra [2] . It is clear that upper triangular matrix algebras and nest algebras [8] are in many different ways triangular algebras.
Recently, some problems on triangular algebras have been determined, such as commuting linear maps [5] , Lie derivations [6] , commuting traces of bilinear maps and commutativity preserving linear maps [2] and functional identities [1] . Benkovič [3] described Jordan derivations on triangular matrices over commutative rings and showed that every Jordan derivation from the algebra of all upper triangular matrices into its arbitrary bimodule is the sum of a derivation and an antiderivation. It is natural to wonder whether every Jordan derivation from a triangular algebra into itself is a derivation. The main purpose of this paper is devoted to study this question.
Main result
In this note, our main result is the following theorem.
Theorem 2.1. Let A, B be unital algebras over a 2-torsion free commutative ring R, and M be a unital (A, B)-bimodule that is faithful as a left A-module and also as a right B-module. Let U = Tri(A, M, B) be the triangular algebra. Then every Jordan derivation from U into itself is a derivation.
As a notational convenience, we write P = we need some lemmas. We assume that J is a Jordan derivation from U into itself. The following lemma, due to Herstein [9] , will be used repeatedly.
Lemma 2.1. Let A be an algebra over a 2-torsion free commutative ring, and φ be a Jordan derivation from A into its bimodule. Then
for all X ∈ U. On the other hand, we have Lemma 2.4(a) and the fact BP = P BP that
J (ABP XQ) = J (A)BP XQ + AJ (BP XQ) = J (A)BP XQ + A[J (B)P XQ + BJ (P XQ)] = J (A)BP XQ + AJ (B)P XQ + ABJ (P XQ).
This and Eq. (3) imply that
Since P UQ is a faithful left P UP -module, we have from Eq. (4) that
for all A, B ∈ U. Similarly, we can obtain from Lemma 2.4(b) that
for all A, B ∈ U. It follows from Lemmas 2.1(a) and 2.3 that From Theorem 2.1 and the result of Christensen [7] , we have the following corollary, which was proved in [11] by a quite different method. 
